Additions of methionine sulfoximine (MSX), an inhibitor of glutamine synthetase (GS), result in an increase in NH13 in seedling leaves of Cs ( (9) suggested that the major reaction leading to the release of CO2 in photorespiration was the conversion of glycine to serine. If this were true, the release of NH3 by photorespiration would be as significant as the release of CO2. In C3 plants, the rates of photorespiration can be considerable, up to 25% the rate of photosynthesis (9). Thus, in a system where NH3 accumulation can be measured, NH3 derived from photorespiration could be far in excess of the NH3 produced by the reduction of N03 . Under normal conditions, however, little NH3 is recovered from leaf tissue (1, 21). Miflin and Lea (1 1 NH3, and subsequently additions of MSX, an inhibitor of GS, were shown to result in accumulations of NH3 (4, 5, 10, 12, 18) and in the inhibition of photosynthesis (13, 14) . In 1978, Keys et al. (7) proposed a photorespiratory nitrogen cycle whereby NH3 released from glycine would be efficiently reassimilated by GS in the cytosol. The resultant glutamine (20) would be transferred to the chloroplast where it would serve as a substrate for GOGAT, and the resultant glutamate would serve as the N-donor in the transaminase reaction leading to glycine formation in the peroxisome. The overall reactions and potential sites of inhibition are illustrated in Figure 1 . Sommerville and Ogren (16) showed that Arabidopsis mutants lacking GOGAT accumulated NH3 under conditions which permitted photorespiration. In mutants lacking serinetranshydroxymethylase activity, NH3 was necessary for the continued synthesis of glycine, again under conditions which permitted photorespiration (17). Thus, their results support the hypothesis of Keys et al (7) .
Tbese results support the hypothesis that GS is important in the assimilation of NH3 in leaves and that the glycine-serine conversion is a major source of that NH1.
In 1974, Mahon et al (9) suggested that the major reaction leading to the release of CO2 in photorespiration was the conversion of glycine to serine. If this were true, the release of NH3 by photorespiration would be as significant as the release of CO2. In C3 plants, the rates of photorespiration can be considerable, up to 25% the rate of photosynthesis (9) . Thus, in a system where NH3 accumulation can be measured, NH3 derived from photorespiration could be far in excess of the NH3 produced by the reduction of N03 . Under normal conditions, however, little NH3 is recovered from leaf tissue (1, 21 NH3, and subsequently additions of MSX, an inhibitor of GS, were shown to result in accumulations of NH3 (4, 5, 10, 12, 18) and in the inhibition of photosynthesis (13, 14) . In 1978, Keys et al. (7) proposed a photorespiratory nitrogen cycle whereby NH3 released from glycine would be efficiently reassimilated by GS in the cytosol. The resultant glutamine (20) would be transferred to the chloroplast where it would serve as a substrate for GOGAT, and the resultant glutamate would serve as the N-donor in the transaminase reaction leading to glycine formation in the peroxisome. The overall reactions and potential sites of inhibition are illustrated in Figure 1 . Sommerville and Ogren (16) showed that Arabidopsis mutants lacking GOGAT accumulated NH3 under conditions which permitted photorespiration. In mutants lacking serinetranshydroxymethylase activity, NH3 was necessary for the continued synthesis of glycine, again under conditions which permitted photorespiration (17) . Thus, their results support the hypothesis of Keys et al (7) .
Recently, Platt and co-workers (13, 14, and personal communication) observed an accumulation of NH3 in spinach leaf discs and an inhibition of photosynthetic activity in the presence of MSX. Under conditions where photosynthesis was inhibited, they still saw an accumulation of NH3 in experiments where the 02 content was reduced to 2%. These conditions should have inhibited photorespiration (15, 19) and hence NH3 accumulation. These observations agree with neither the Arabidopsis-mutant studies (16, 17) nor with the original hypothesis of Keys et al (7, 20) as it suggests alternate and significant sources of NH3 in leaf tissue. Explanations for this apparent contradiction could be the excessively high levels of MSX (8 mM) used in Platt's experiments and to the use of leaf discs rather than whole leaves.
In view of the fact that corn leaf pieces showed an accumulation of NH3 in the presence of MSX (12) and that high levels of MSX (2.5 mM) caused a general inhibition of root metabolism (A. Oaks, unpublished), it seemed to us that the role of MSX in leaves needed to be reexamined. In [7] . In the nitrogen cycle, four glycine molecules give rise to two serine, 2 CO2, and 2 NH3 molecules. The reaction is inhibited by INH (22) and there is an Arabidopsis mutant (M) which lacks the required enzyme (17) . The NH3 reacts with glutamate to yield two molecules of glutamine. This reaction (GS) is inhibited by MSX. The glutamine then reacts with a-ketoglutarate to yield four molecules of glutamate; GOGAT is inhibited by azaserine (10, II) and there are Arabidopsis mutants (M) which lack this enzyme (16 Figure 2 . Experimental temperature was 28°C for corn and 20°C for wheat. Experimental time was 90 min (method 1). (Fig. 3) . With corn, 0.6 mm MSX gave a maximum response; with wheat, 2.5 mm. In subsequent experiments, we used 2.5 mm MSX, the lowest concentration which gave a maximum accumulation of NH3. In a preliminary survey of a number of C3 and C4 cereals, we found levels of accumulation of NH3 of about 6 to 8 ,umol per g fresh weight over a 90-min period for a number of wheat and barley cultivars and of 3 to 4 pmol for a number of corn and sorghum cultivars.
NH3 could result from the reduction of NO3, from photorespiration, or from some other unidentified source (3, 13, 14) . The Table II . Effect ofMSX on the Rates of Photosynthesis and NH3 Accumulation The primary leaves were incubated in H20 + MSX (2.5 mM) for 30 or 90 min. CO2 uptake was measured at intervals throughout the incubation period. However, the 90-min values were used in most cases above. With wheat leaves, it took about I h before there was a high steady rate of CO2 uptake. Values for CO2 consumption or NH3 production are calculated as rates per h. All treatments were run in an open cuvette system with a stream of air flowing past the leaves. Rates of NH3 accumulation are faster with this treatment than with our growth chamber experiments. Experimental temperature was 25°C (method 2 Figure 3. (method 1). results in Table I summarize the effect of N03-during growth on the MSX-induced accumulation of NH3 in C3 and C4 leaves. Plants grown with 10 mm KNO3 had high endogenous levels of NO3-initially (about 100 pmol per g fresh weight for C3 plants and about 30,tmol for C4 plants), whereas those grown in the absence of NO3 had low endogenous levels of N03 . The recovery of NH3 in MSX-treated leaves was not influenced by the presence of endogenous N03 within the limits of our experiments. We take this as evidence that most of the NH3 production over the 90-min experimental period originated from reactions other than the reduction of N03 . In corn leaves (12) as well as in spinach (4, 13) , the accumulation of NH3 in the presence of MSX is light dependent and hence could originate from photorespiration. Results in Table I also show that the accumulation of NH3 is similar in the primary and fifth leaves of corn and that the accumulation of NH3 in the root is minor relative to accumulations seen in leaves. If NH3 accumulation originates primarily from photorespiration, then treatments designed to inhibit photorespiration should inhibit the accumulation of NH3. We manipulated the rates of photorespiration in two ways: (a) by reducing the 02 concentration from 20 to 2% (Table II) ; and (b) by adding presumed inhibitors of photorespiration to MSX-treated leaves (Table III; Fig. 4 Table III show that presumed inhibitors of photorespiration (see 8, 21; Fig. 1 ) also inhibit the MSX-induced accumulation of NH3 AMMONIA ACCUMULATION IN C3 AND C4 PLANTS in both wheat and corn. Because of the high levels of inhibitor required to see the effect (Fig. 4) , there is some question concerning the specificity. However, they do lend support to the results obtained with low levels of 02 (Table II) .
The inhibition caused by the INH (Table III; Fig. 4) suggests that the glycine-serine conversion is a major source of NH3 accumulation in MSX-treated leaves. The inhibition caused by MSX suggests that GS is important in the assimilation of that NH3 in leaves. The minor effect of MSX on the accumulation of NH3 in roots suggests that alternate mechanisms, perhaps the GDH reaction, are important in the assimilation of NH3. The results with leaves agree with recent results of Lawyer et al. who examined the fate of exogenous NH3 (8) . In agreement with other methods of measuring photorespiration (15, 19) , our results also indicate that the rate of photorespiration is much higher in C3 than in C4 leaves. If we look at rates of photosynthesis (about 114 ymol CO2 * g fresh weight-l' h-1 in 2% 02) and of the accumulation of NH3 (about 18 umol * g fresh weight-' * h-1 at a time before photosynthesis is inhibited) we see that photorespiration as measured by the accumulation of NH3 is 16% of the apparent rate of photosynthesis. This is well within the range for previously calculated rates of photorespiration (1, 9, 15, 19, 22) . Thus, if appropriate precautions are taken, NH3 accumulations in the presence of MSX do give a reliable estimation of the relative rates of photorespiration in C3 and C4 leaves.
